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Fig. 1b' 

FIGURE 1 
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FIGURE 2 



09/18/2000 18:23:13 page -5- 



5/5 

FIGURE 7 
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55.01W 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service end supply mdurtrics, and more 
pvruauany id compiesng wens mr pro oucm g jryurocsroons, geotnenna* wens, or me nice. 

Whuc (trifling is taking place, the integrity of a wen is controlled by a drilling mud of density 
that needs to be adjusted so tbat the hydraulic pressure of the mud column opposes the leaks 
from the formations while sanultan eousry avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it is no longer possible to formulate a mud capable of 
performing its function over the entire length of the well, so to prevent coQapse of the wau\ it 
is nec e ssar y to tine the hole with metal casing. For this purpose, a certain number of casing 
tubes ire placed end to end and lowered down the well, and are fixed to the wall of the wdl by 
iy»m#fifir^ Thereafter, drilling can continue down to the next critical depth 

Each newly-drilled lengm mutt 

pass through the casing that is already in place at shallower depths. As a result the casing has a 
staircase structure with a hole that is large at the top of the wefl and much narrower at the 
bottom of the weH Such a configuration is far from optima]: a large hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zones does not fivor production by good draining of the rbrmatiort 

Worse still, it often happens that the hole passes through unexpected critics] zones even before 
boring has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets" of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumstances, the only solution is often to cement these zones by putting casing into place 
unmediatery. thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones are encountered as drilling continues. 
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It will also be undcntood that it it vety difficult to repair damaged cuing by installing new 
casing, witbout further lignifictmly reducing the sjz of the hole and thus naming the risk of 
preventing penetration of certain tools or Hems of equipment that may be needed in the 
production zones, for example. 

Over the last lew yean, the Wastry has developed »w techi^ of completing weDa or of 
completing them temporarily, to as to mimmb* the number of "steps' and to increase the 
downhole diameter of the wett. 

Proposala have thus been made to u»e a compotite material comprising an expa n da ble cbth 
made of glass fibert impregnated with noo^yrnerized epoxy retm and having a nAber 
membrariecoverii^tttouttidefacewhi^ 

appropriate laying tool, the membrane ii applied against the waB of the hole or a damaged 
portion of casmg. and the ream b caused to p^ 

that technique is that it reflates electrical i»wer ofthe order of 10MwaWp«Hae» meter, 
dms En>hSn« itt appficatitm to treant« ion^ 

of synthetic material cannot constitute a final rqplaceinem for nielal ca«r« sisw that needs to 
l>e capable, m particular, of wiftiui^ 
that are particularly corrosive. 

US Patent S 348 095 proposes making casing out of a ooiinmmui tub© of dtie^ oralerial 
capable of withstanding large amounts of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
acccrnpejn^ by a reduction* the totJ 
probkrns at the enda. Furthermore, the p^ 

US Patent 5 366 012 proposes a perforated line* provided wim 

A mandrel having s large diameter that is greater than the inside diameter of the perforated 
liner is used to expand the waU of the finer and the orifices become larger. Fiber-reinforced 
cement can then be cart on either side of the finer, and once the cement has set, the inside of 
the finer is bored again, thereby leaving a casing of fibro-cemeni that is reinforced by metal 
reirdbrcement. The need for further boring after cerneming constitutes a major drawback of 
that technique. In addition, in the above-mentioned case, the prcsrures required for expanding 



09/18/2000 18:23:13 page -8- 



the tube are quite high and the final length of the finer is reduced. Finally, the slots must be 
pierced in compliance with very precise specifications, which leads to a m a n u fa c turi ng cost 
that is high. 

An object of the present invention is a novel type of expandable casing mat does not present 
the above-mentioned drawbacks of the ait 

According to the invention, das object b achieved by a finer for oompletxng a hok in an 
underground formation, the Iiact bebig constteited by a spiral-wound strip of spiral cross- 
section, ks longitudinal edges having complementary touching profiles such that after 
expanskm the finer bciraiiarm 

To complete a wcS, the spiral tube is lowered to the bottom of the hok and its walls are 
spread by means of a placement tool, eg. a conical tool, so as to place the longitudinal edge in 
a touching position where they form a cylinder. A dosed continuous liner b thus obtained 
which can be cemented in conventional manner without the cement tavadmg the inside of the 
liner, and thus without there being any need to bore inside die casing. It should be observed 
that the spiral- wound casing of the invention b parbouiaHy adapted to c xm e riting wefls that are 
horizontal or multi-lateral, given its small diameter in its contracted state which lends itself 
wel to being installed in narrow wells or m weDs of trajectory that impedes the lowering of 
traditional casing segments. 

The finer of the invention b abo wtQ adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion b dose to the diameter of the hole before enlargement may then be 
put into pUce and cemented. Thereafter, drilling can continue and the entire column, including 
the zooe that has already been completed, b subsequently completed in conventional manner. 

The spiral casing of the invention can abo be used for repairing casing that has been damaged , 
since the outside diameter of the spiral casing after expansion can be selected to be equal to or 
very slightly less the inside diameter of the casing that U already in pUce. 

The spiral-wound snip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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longhudiaal «b of to Bi». Alio pref^^ 

to provide mechanical engagement it i predetermined diameter. 

In a more particularly preferred variant of the invention, the liner is obtained by toffing up a 

strip about en axis that if at a certain angle relative io the axis of symmetry of the atrip. Under 

such cbrumstances. when tte 

hefa aiouiid the t^y&idcr. If tto 

figure is obtained whose length b not altered by *xeans^ 

The Eiier of the invention can b 

coiled tubing. In order to complete sections that are of great length, it b possible to weld 

together a pturmln^ of rfieeta. 

using the ©oued tubing technique, or else dh^ on site. 

The liner of the invention can be made of metal eg. sted or any other material having the 
desired degrees of elasticity and plasticity. It should be obsen^ 

is selected, and providing it has not been cemented, then the liner of the invention can 
opttooaBy be removed thw 

ftthtr dettgj *»a advantageous dianuteistka of the invention appear from the following 
description given with reference to the figures, in which: 

• Figure 1 is a diagrammatic view of a fim embodiment of alto ^ 

after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 

lb*); 

-Figure 2 shows an expansion tool; 

• Figure* shows an example of mcchaincil engagemert usu^ 
3d) and shows various profiles for such toothed edges; 

• Figure 4 is a perspective view of a ttner to the central 
with toothed sections; 
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• Figure 5 show* a finer of the invention hiving longitudinal edges constituting a double hefix, 
teen in perspective in the contacted state (Figure SaX after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

• Figure 6 shows an example of temporary completion using a liner of the invention; 

• Figure 7 shows a typical sequence for completion of a production zone; and 

• Figure 8 shows a variant of a finer of the invention that b perforated and fitted with a sand 
screen. 

The concept of the invention is shown in Figure 1 . A strip, e. g. a metal strip, is spiral-wound 
(Figures la and la*) with overlap over an angle A After expansion, the finer b circular in 
section and its longitudinal edges come into contact to constitute a dosed peripheral surftce. 

If the winding follows an Archimedes 4 spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the following equation: 

where A* the overlap angle, b expressed in radians, and where the lengths De, Dc, and fi arc 
expressed in the same units. 

With an overlap of 90* as shown hi Figure la, a tincr having an outside diameter De of 17 8 
cm (7*) and a thickness £ of 9 J mm (3/8 of an inch) b contracted to a diameter Dc of 14.9 cm 
(5.86-). For an overlap of 180*, the expansion b dose to 50%. 

By way of example, the tool for expanding the finer of the invention can be constituted by a 
double cone assembly as shown diagrsmxnaticalry in Figure 2, having a hist end 10 suitable for 
being fixed to the end of a coiled tube or of a string of rods, and a second end 11 of diameter 
similar to that of the spiral-wound liner m the contracted state, thereby coaming the spiral- 
wound liner to be pushed to the zone which b to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the inside diameter of the liner after 
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it has been expended. The cringed zone U b preferably opibte of beh* Wr^ted * tewt in 

p,rtbyrenv>tocoiitrdmesjissuehuhyd^ 

of such means u is conventional for placement tools as used in wells. 



In the variant of the invention shown in Figure 3, the cooiptememary longitudmal edges we 
given teeth to as to fbnn a mechanical lock. As can be seen more particularly in Figures 3a to 
M,s toothed edge, inthuease an edge having three teeth,o 



It may also be observed that the longitudinal edges have a contict area feeing in a general 
direction ~D at a non-zero angle relative to the normal to the Ioi«midiiisls^ofthelinef . An 
aiigk of about 4$«,sj»dnioreg«n«nylyhigtothecsn^ 

Other variant tooted profiles are shown in Figure 3e. The number of teeth can be increased, 
or on the contrary, decreased, and it is possible to selett prefflea thnt m nearer to being 
square so aa to achieve engagement that is doser to bong of the tenon and mortise type. In all 
of the examples shown in Figure 3, the toothed edgea follow a general direction D at a 
certain angle relative to the normal to the tongtaidind axis of the Inter. Tte 
preftnbty weh a. w mbuixiiw i 

complementary portions. As shown m F«gure3e,theelssncfotomFstndPb4stre^fiw 
exnsndtng the spiral-wound finer ereste radial fiiction forces Fc and Fd which tend to move 
the edgeaenart Tins separation force cente 
thape of the teeth 

The force* Fa and Fb which exist in locking the Boer are directly proportional to the overlap 
ingle A of the finer in the contracted position. Nevertheless, too much overlap also tend* to 
increase the radial forces so that a balai« nmat be foinid between the a 
expansion and niechamcal locking. 

The finer is expanded into the shape of a cone of dtaensiom th« depeiid essentia 
geometry of the sjnreWwound finer and « to elasticity, at* to n sntal^ 
utfeofthe corneal expaii»k» tool. To fi 

«, expansion tool constituted by a cone vAo»e apex angle is dose to thrt of the -natural- 
expansion cone of the spiral-wound finer. 
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As shown more particularly in Figure 4, the axis of the engagement teeth forms an angle B 
with the axis of the spiral-wound tube. This angle B has an optimum value lying between the 
'natural' cacpansioa cone angle of the liner and zero, however zero is also acceptable. 

Figure 5 ahows the most particularly preferred variant of the mventioo in widen the finer is 
obtained by rolling up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of Ac strip. In the contracted position (Figure 5a), the edges form a double hefix 
around the finer. After expansion (Figure SbX the two hefixes coincide and the junction fine 
winds helically around the finer. 

A particularly advantageous aspect of this geometry fies in it being possible for expansion to 
be performed without changing the X length of the liner. It as shown in Figure 5c, the 
•diameters" of the finer are written Dc and De (where hkicx s corresponds to the finer be^ 
the contracted state and index £ to the finer in the expanded stateX trd if tte periods of the 
hefical curves followed by the longrtudmal edges art written He and He (where the period of a 
hefix is defined as being the distance measured along the tongftumnal axis of the finer between 
two cxxTesponding points that are one complete turn apart around the cylinder of diameter Dc 
(or De if the case may be)), and if the Ungth o f a k»gim<final edge of the finer is written L for 
a finer whose total length is X, it can be shown that the kngth Lis equal to: 



and that consequently, if the tape is rolled up in such a manner that = then the length 

*** H * 

X does not vary. 

VTrth this double hefix corifigura^ 

liner is of thickness W, then the diameter after expansion is given by the equation: 




A A 
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Fmally, toother consequence of this geometry is that all pointi on the sur&ce of the finer move 
in a plane perpendicular to the axis of the finer during the expansion stage. If the end* of the 
double hefix finer are cut perpendicularly to the tengitudmal axis, then after expansion these 
ends wffi define perfect circ^ 

axis of the finer. This disposition is particularly frvonUe for ensuring sealing of die 
completion at the ends of the liner. 

Figures 6 and 7 are highly dugi axnnutic and show two examples of completion using a spiral- 
wound finer of the mvenuon, it being understood that these examples are not limiting in any 
way. 

In the example shown in Figured, the spiral-wound tube is used for completing a me in 
temporary manner. In a weffl m de^ water, the probto 
between the facturing gradiem and the pressure 

problems associated, for example, with the presence of formations that are highly unstable 
— — (dtyey rock, sands, salts, etc.) m depletion xo^ 

the person skiDedm the ar^ 

proportion to their length since anticipated completion thereof rwjuires casing to be installed 
on an extra occasion, thereby re^^ 

The weB has been drilled and cash* has been instaM 
coiitimed beneath the 

is not cased, prior to reaching a rone 4 of length Lr which needs to be treated imniediatery 
(Figure 6a). Ttededskw 

mventk». A spu^wound finer 5 is pushed towards the bottom of the wett by means of a 
doubfe conical expanse 

move on (Figure 6b) so as to spread apart the walto of the Imeruntfl teach a predefined 
diameter (Figure 6c). Once the finer is in place (Figure 6d) the expansion tool is returned to 
the surfrce and tte finer b 
shown here, the m» is provided w^ 

the liner towards the annuhis 9 which is to be cemented, however it is clear that a 
shoe could be used. 
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After expansion, the inside diameter of the finer is pnctkaOy identical to the diameter of the 
hole in rones where there arc no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by means of a reamer). Druling can then be started again 
without any need to drill through a cemented zone, and the entire well can be completed in 
ac co rdance with the original drilling plan, and without any reduction in the diameter of the 
weJL 

ttb dear to additional took 
ofthe invention Abc^ 

easOy deformed and that is easy to drill (e.g. ahjcninumX thereby guaranteeing that the spiral- 
wound liner la properly eomandedcwtU entire kng^lt 

A typical sequence of using a ipirti-wound liner of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other proctoctioo finer, the Ener of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and is shown m Figure S, it is 
preferably covered in a grid which imy be fixed thereto, e^ by 

to spiral winding. The grid is preferably on the outside free of the Ener, facing towards the 
wall. 

It should be observed that the surftce area of the rofled-up strip remains unaltered during 
expansion so wells are not weakened by the spiral-wound finer of the invention being put into 
place and expanded. For the same reason, the size and distribution of the openings provided 
for allowing the production Quids to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and m the expanded state. Tma makes it 
possible, in particular, to obtain a liner that is very strong in association with greater stability 
and longer fife of the well. 
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For a horizontal wdUmoal-wanrf finer of to 

can be placed very dene to the formation. ev« in the upper portloo of the Bnw. and ihM ii 
often not the case with a conventional finer that is mcapebte of bea* contracted. 

So long u it tas not been cemented, a spfc^^ 

special tool which separatee the longitudinal eiJgea aou to allow the finer to rott up again and 
return to a state rirahv to that of lis Mtial contiaeted «ate. If luch withdrawal is expected 
only after several month* or yean, eare should be taken to use a oaterial that is capable of 
retaining its dastie properties over such along period of time. 

Tne geometry of the spiral^ouiid 

production st low cost For example, it is possible to UKnwtal strips (wnereneeestaiy strips 
that am welded together) that am piesced m a pred^ 
rollers or by a nydmufie press having a punch. Tl* loijginidind edgm are prefer^ 
continuously so as to give them a toothed pn^e.aiid grids msyinBtt^ be welded at le« 
along «jne of the tonghudmri edges before winding into . winL Finally, the strip rosy be 
spiral-wound directly and then coiled, either counmouih/c* elm allerbemg cut up into equal 



In general, it is preferable to pay out a finer of the invemion ftom a red smce that is clieaper 
once the section to be completed it long, end more rtfiible tince connections ire omitted. 
Nevertheless, it is equally possble to use linen of fixed |«>gm and to perfora completion to a 
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CLAIMS 

1/ A finer for completing a hole in an underground formation, the finer being constituted by t 
spiral-wound atrip, ha longitudinal edges having complementary touching profiles such that 
after expansion the finer ii circular in section* 

V A finer according to claim I, characterized m that the longitudinal edges define a contact 

surface of general <firectk»l> lying in a plane that forms a non-zero angle relative to the 
bngftudnal axis of the finer. 

3/ A finer according to claim 2, characterized in that said angle formed by the general direction 
Id of the contact surface lies in the range 30° to 50°. 

4/ A finer according to any preceding daim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding daim, characterized in that die liner is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

oV A finer according to any preceding claim, characterized in that it is provided with openings. 

7/ A finer according to chum 6, characterized in that tt is covered in a grid. 

8/ A finer according to claim 7, characterized in that the grid is welded on. 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip is opened until a circular section i* obtained by means 
of a conical placement tool for putting the longitudinal edges into a touching position. 

10/ A method according to daim 4, characterized in mat it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method according to claim 9 or 10, for repairing a casing. 

13/ The use of the method of ciiiro 9 for completing a production zone. 

14/ A system for completing a hole In an underground formation, characterized in that it 
includes a finer according to any one of claims 1 to 8 and an expansion tool suitable for 
splaying apart the longitudinal edges until they take up a position where they touch each other 
edge-to-edge. 

15/ A tool for withdrawing a finer according to any one of claims 1 to 8, the tool comprising 
means for moving the longitudinal edges apart by a diameter greater than the diameter 
comprising to a circular section and enabling the finer to ihrink so as to return to a spiral- 
wou«iconfiguratk>nc>fad 
the well. 
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